R ugby has been played around the world since the late 1800s. In the United States, it was played at the collegiate level from the late 1800s through the early 1900s. However, a drastic decline in participation occurred in the United States with the rise of American football and the removal of rugby from the Olympics after the 1924 games. In the 1970s there was renewed interest, and the game has grown dramatically at both the high school and collegiate levels. Most notably, the women's game has grown at a quicker pace than the men's. 48 This unique phenomenon may be due to the synchronous timing of the growth of the game and the enactment of Title IX legislation in 1972, which provided more opportunities for women in athletics. Traditionally in athletics, men have played games first and then women have followed suit, oftentimes playing a modified form of the game. Rugby is a unique sport because the women have always played the same exact game as men. 25 One possible reason for so much interest on the women's side is that rugby is one of the only games where women can compete in a collision sport on allwomen teams. In addition, successful teams require a diversely skilled group of participants so the game has appeal to a broad range of athletes. Another boost for the women's game came in 2002, when the National Collegiate Athletic Association (NCAA) classified women's rugby as an emerging sport.
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At present, most collegiate programs retain club rather than varsity status. As a result, they tend to have volunteer coaches, little training and conditioning support, and substandard field conditions and facilities. In addition, adequate medical coverage rarely exists, making large-scale injury surveillance extremely challenging. Furthermore, the sport of rugby is not included in the NCAA Injury Surveillance System for men or women 22 ; injury data have not been collected at the national level. Because of the surge in popularity and the relatively high risk of injury associated with participation in this collision sport, 4, 8, 26, 27, 30, 31, 33, 54 it is imperative that epidemiological studies gather injury data to better understand and mitigate risks for the athletes participating in this sport. The purpose of this preliminary study was to examine incidence rates and injury patterns between men and women competing in collegiate rugby at a single institution.
METHODS

Design and Setting
A longitudinal cohort study was conducted to examine the injury patterns associated with men's and women's collegiate club rugby teams using 5 years of injury data. Specifically, all incident injuries documented from the 2006-2007 academic year through to the 2010-2011 academic year were reviewed. Both teams practiced and trained at the same facilities, had access to the same coaching staff, and followed very similar practice and competition schedules. Both teams participated in competitive seasons in both the fall and spring and competed at the national level. The XVs national collegiate championships occurred in early May, and a Rugby Sevens national collegiate tournament occurred in early June. In contrast to many collegiate club programs, these teams are both well-supported with exceptional facilities, a paid coaching staff, and medical personnel experienced in the sport of rugby.
Injury Surveillance and Definition
The military health care system is a closed system. All cadets who need medical attention are seen by providers at West Point and are tracked through the Cadet Injury and Illness Tracking System (CIITS), which has been previously described in other epidemiological studies. 41, 49, 50 Rugby players who are injured at away contests receive medical care at outside facilities but the athletic trainer assigned to rugby documents these injuries in CIITS upon their return. In addition, any follow-up visits at the academy are also documented. Therefore, it is highly unlikely that any incident injuries that occurred to rugby players were not documented in the injury surveillance system during the study period.
For the purposes of this study, incident injuries were defined as any new event that occurred during a rugby practice or match that required medical attention from an athletic trainer, physician, or other medical provider. The injury definition was not limited to time-loss injuries due to the common practice of athletes continuing to participate with minor and major injuries that transpire throughout the season. Examples of these injuries include auricular hematoma, lacerations, and finger fractures.
Outcome Measures
The primary outcome of interest in the current study was the incidence rate per 10,000 athlete exposures (AEs) during the study period, which is defined as the number of new cases occurring during a specific period of time in a population at risk for experiencing the injury. 29 Incidence rates are calculated by dividing the total number of injuries observed in a population by a measure of exposure or person-time at risk to injury. 29 In the current study, AE was defined as 1 athlete participating in 1 practice or game based on participation records. At the US Military Academy, all team members are required to attend all practices and games, and attendance is strictly monitored. Since the system is consistent for all cadets, it was used to calculate the men's and women's team roster days as an estimate of person-time at risk for injury utilizing the methods previously described by Mountcastle et al. 38 During each season, there were more men assigned to the roster than women. However, the men's team regularly scheduled competitions for multiple sides in 1 day so that the men had approximately the same number of game exposures per person as the women during the study period.
The overall incidence rate of injury by sex was calculated, along with the 95% confidence intervals, by dividing the total number of injuries by the total number of AEs and multiplying by 10,000. The incidence rates for specific injuries and conditions between men and women were compared by calculating the incidence rate ratio and 95% confidence interval. All statistical analyses were completed using Stata/SE software version 10.1 (StataCorp, College Station, Texas).
RESULTS
During the 5-year study period, participants included 129 women and 240 men. Seventy-one members of the women's team sustained 200 injuries during 68,633 AEs documented during the study period; 151 members of the men's team sustained 459 injuries in 121,624 documented AEs. The overall incidence rate for injury was 30% higher (95% CI: 1.09, 1.54) among men when compared with women (Table 1 ).
In addition to finding different injury rates between men and women, there were differences in injury patterns ( Figure 1 ). Women appear to have a higher proportion of injuries to the lower extremity while men have more injuries to the acromioclavicular (AC) joint and to the head and face ( Figure 2 ).
The men in this study had 40 concussions while the women had 30 ( Table 1 ). The incidence proportion of players with concussions was 8.7% for men and 15.0% for women. While these were different, they did not reach statistical significance when the incidence rate for concussion between men and women was examined (Table 1) .
While the rate of injury for concussion was not statistically different, this was not true for other injuries to the head and face. Men were 6.6 times (95% CI: 2.65, 20.91) more likely to have an open wound with 58 injuries, compared with women with 5. There were 54 lacerations sustained by men, all of which were to the head, face, scalp, eye, ear, or chin. Women sustained only 5 lacerations, and all of these were to the face or scalp. The men had 2 orbit contusions and 3 orbit fractures; the women had 3 orbit contusions and no fractures. Men had 14 lacerations around the eye, including the eyebrow and eyelid, while the women had only 2 eyebrow lacerations. In addition, the men had 2 corneal abrasions. The men sustained 15 injuries to the ear, including 10 cases of auricular hematoma, 3 eardrum ruptures, and 2 lacerations. In contrast, the women did not report any injuries to the ear. The men had 27 fractures, making them 2.5 times (95% CI: 1.03, 7.52) more likely to sustain a fracture than women, who had 6. The men had 7 lower extremity fractures and 7 hand fractures. They also had 13 fractures to the head and face including the nose, skull, and orbit. The women sustained 2 fractures each to the lower extremity, hand, and nose.
DISCUSSION
Since the inception of Title IX, there has been a dramatic increase in the number of girls and women competing in sports at all levels. While this change has provided women the opportunity to enjoy all of the benefits of participation, they have also experienced athletic injuries. As these women and girls have sustained injuries, researchers have attempted to discern if there is an increased risk of injury compared with men and boys. Studies have examined differences in injury rates between sports, within sports, by body part, by injury nature, and for specific injuries, such as ACL injuries. The results have been varied but some consistent findings are beginning to emerge.
It appears that injury rates between matched sports are similar, but injury patterns may be slightly different. In addition, it appears that there are some specific injuries that may be sexspecific and not sport-specific. For example, women are more likely to sustain noncontact ACL injuries across several sports. [1] [2] [3] 5, 17, 37, 39, 43 The current study seems to confirm this finding with female collegiate rugby players. It also appears that women may sustain concussions at different rates, exhibit different signs and symptoms, and show different patterns of recovery. 6, 9, 11, 12, 16, 32, 42, 45 While this study showed similar rates of concussion, the rates of injury to the head, excluding concussion, were quite different between men and women.
The sport of rugby could be considered a matched sport that would allow for the direct comparison of injury rates. Like soccer and basketball, the rules, equipment, and playing field for men's and women's rugby are essentially the same. However, upon closer examination, the male and female versions of this game may be played quite differently. The sport of rugby is so new in the United States that participants likely come to the game possessing varied sport experience backgrounds and skill sets.
According to USA Rugby 2011 membership data, there were 209 girls' and 676 boys' high school clubs; there were 343 women's and 511 men's collegiate rugby programs. 48 For women, there are more collegiate teams than high school teams; many women playing collegiate rugby have no previous rugby experience and are entirely new to the sport. It is likely that these women have prior experience in other sports such as soccer or basketball but not necessarily rugby. These prior experiences provide movement skills, defensive strategies, ball handling, and other athletic skills, but not specific rugby skills. In addition, since there are no other commonly played sports for women that include tackling, it is unlikely that these women have acquired any tackling skills. Alternatively, some men play collegiate rugby with high school experience, but many come to the game with previous experience in American football. While rugby and football are different games, the act of tackling is present in both but is executed quite differently. The rules of tackling and the amount of required protective equipment are vastly different between these 2 games.
Tackling is the most common cause of rugby injuries, in part because it is one of the most common events occurring in the game. 14, 15 One of the differences between rugby and football tackling is the location on the body of the tackle. The "high tackle" in rugby occurs when the arms of the tackler are above the armpits of the ball carrier, and it is a penalty in the game of rugby. In contrast, the "high tackle" is legal and used quite often in football. In addition, the rugby tackler must "wrap up" and not simply hit the ball carrier, as is commonly seen in football. 25 Several research studies have examined tackling in rugby to try to understand the risk and ways to mitigate risk. 14, 15, 44, 53 It should be noted that all of these studies observed male players from outside the United States. Injuries were more likely when the tackle was higher on the ball carrier's body and when the ball carrier or the tackler was moving faster rather than moving slowly or remaining stationary. 14, 44, 53 The most common injuries from tackling are to the shoulder, head, thigh, and knee. 15, 44, 53 In this study, men had 2.2 times (95% CI: 1.03, 5.19) more AC joint injuries and 11.3 times (95% CI: 1.81, 467.78) more injuries to the head, other than concussion. These disparities may be indicative of different tackling techniques used by men and women.
ACL Injuries
Only 2 studies exclusively examined knee injury rates in the game of rugby. 10, 30 Neither compared knee injury rates between men and women. In collegiate rugby players in the United States, women had 1.3 knee injuries and 0.36 ACL tears per 1000 exposures when injury was defined as causing the player to miss 1 game or 2 practices. 30 A study of professional male players in England reported an injury rate for all knee injuries of 11.0 per 1000 player hours during matches and 0.16 during practices, when injury was defined by time loss of greater than 24 hours from all rugby activity. 10 The knee was the most common injury location and the most severe of all injuries when defined by the number of days missed. 10 Also, the ACL injury rate was the lowest of all knee injuries but caused the most days missed. 10 In a study of all knee injuries among high school athletes across all sports, boys showed a higher injury rate; however, girls were twice as likely to require surgery and twice as likely to sustain noncontact injuries. 23 In collegiate basketball and soccer players, women were more likely to tear their ACL than their male counterparts. 3 In cadets at military academies, ACL injury rates were higher in women, with varied differences between sports and activities. 17, 38 The 2 sports that have been studied most extensively are basketball and soccer, with women consistently demonstrating higher ACL injury rates than men. 1, 3, 5, 36, 37 Higher rates among women have also been seen in alpine ski racing, 46 volleyball, 13 and team handball. 39 In the current study, women were 5.3 times (95% CI: 1.33, 30.53) more likely to tear their ACL than their male counterparts. This is not surprising considering the similarities between the movements required in rugby and soccer, which has also shown higher injury rates. Both games are played in cleats on grass or turf and require players to run and change direction quickly in response to defenders. The addition of rugby to the list of sports that have an increased rate of ACL injuries for women may provide further evidence that the risk may not be attributable to the sports themselves as much as it is to physiological, anatomic, or biomechanical characteristics that may be more prevalent among women. While many ACL injury prevention programs are currently being utilized and studied with soccer and basketball players, it may be prudent to include female rugby players in these programs.
Shoulder Injuries
Shoulder instability events are of great concern; they are typically associated with greater severity when defined by a greater time loss or as a precursor to surgery. 7, 20 This injury also has a high rate of recurrence. 20, 28 The men in this study sustained 25 glenohumeral instability events while the women sustained 18, which was not statistically different (Table 1 ). Sex differences are seen between sports but not typically within matched sports. 7, 28, 40 AC sprains are quite common among rugby players. 51 Of all players, 47% surveyed had sustained a self-reported AC joint injury in their careers. 51 A study of collegiate athletes found that men had a higher AC joint injury rate than women across all sports. 41 They also had a higher injury rate when looking specifically at the sport of rugby. The injury rate for men in the current study was 2.2 times higher than that for women ( Table 1 ). These differences may be a result of the disparate techniques of tackling utilized by men and women.
Fractures
Between 1968 and 1979 (before and after Title IX), larger numbers of fractures occurred in male collegiate athletes, except in gymnastics and lacrosse where women had higher rates of injury. 52 In high school, boys showed a higher rate of fracture in basketball and soccer. 47 In a different study of collegiate athletes, there were similar fracture rates between men and women except in water polo. 18, 52 These varied results may be owing to the different populations studied. Most studies have shown higher injury rates in collision and contact sports; since men tend to participate in these sports in greater numbers, they may have a higher overall fracture rate. When examining matched sports, these differences may diminish. The current study showed that men are more likely to sustain a fracture than the women. Although the rules of rugby are exactly the same for both sexes, this disparity may be the result of the differences in the execution of the tackle or differences in the speed of play or the size of the players between the men's and women's sides.
Head Injuries
Concussion in rugby is of great concern. In US high school male rugby players, an injury rate of 3.8 per 1000 exposures was found, as defined by the Cantu Grading Scale. 34 In Australian nonprofessional male rugby players, when using a medical attention definition of injury, 7.97 concussions per 1000 player-hours were reported. 21 In professional male players in England, an injury rate of 6.6 injuries per 1000 playerhours was reported, as defined by the inability to participate in all rugby activities for more than 24 hours. 26 Three studies of American rugby players show similar concussion injury rates between men and women at both the high school and collegiate levels. 8, 19, 27 However, in the UK, women had higher concussion injury rates than both men and youth. 31 In this cohort of players, scrum caps are used on a limited basis. A few of the forwards routinely wear the caps to protect their ears in the scrum. Other position players wear them occasionally to protect scalp wounds while they are healing; however, the efficacy of these caps in preventing concussion remains uncertain.
Since the rules of play are the same for men and women, the stark differences in patterns of injury to the head could be attributed to differences in style of play between men and women. It appears that men may experience more contact to their head but may not sustain as many concussions as a result of these contact events.
Reporting the true incidence of concussion is difficult. It is common for players to underreport injuries because they think the injury is not serious or because they do not want to be removed from current or future contests. 35 Rugby's international governing body has very specific guidelines in place that address the removal of and return to play of a concussed player. 24 Even when athletic trainers and other medical providers are present on the sidelines, it is easy for players to hide the presence of concussion or to downplay subjective symptoms when asked.
Limitations
The biggest limitation to this study was the imprecise exposure data, which did not account for the amount of practice time each day or for individual differences with respect to matchplay minutes. The method used-the number of playerdays-made it possible to compare these 2 particular men's and women's teams because it was consistent between teams. However, the injury rates may not be easily compared with results from other epidemiological studies of collegiate rugby injuries.
CONCLUSION
This study illustrates some key differences in injury patterns between male and female American rugby players that may reflect underlying sex differences and contrasting playing styles. Specifically, male players often have an American football background where they are accustomed to tackling with helmets and protective padding, which are not used in rugby, whereas female players at the college level may have limited prior experience with collision sports and tackling.
